Acrylamide is a probable carcinogen and has also been shown to be a neurotoxic agent in animals and humans. This work aims at removing acrylamide from aqueous solution using potassium permanganate. Several jar tests were carried out to investigate the effect of experimental parameters including initial solution pH, dose and contact time upon the removal process. Data revealed a good percentage of acrylamide removal by potassium permanganate from 13.40% to 41.40% by increasing the dose from 0.2 to 1 ppm, respectively in neutral medium and from 25.92% to 96.67% in acidic medium. While in basic medium absence of acrylamide due to hydrolysis transformation into acrylic acid. On the other hand, results indicate a percentage of acrylamide removal from 32.96% to 54.64% by increasing the contact time from 5 to 160 minutes using 1 ppm permanganate dose in neutral. Also acrylamide removal percentage increased in acidic medium from 87.33% to 100.00% by increasing the contact time 5 to 160 minutes. The same hydrolysis transformation carried out for acrylamide in basic medium.
INTRODUCTION
Acrylamide is an odorless, white crystalline solid at room temperature, with a molecular formula of C 3 H 5 NO and weight of 71.08. Acrylamide is readily soluble in water (2155 g/l at 30 ºC) and polar solvents (e.g. acetone, methanol, and ethanol), but not in non-polar solvents (e.g. carbon tetrachloride). Acrylamide has a density of 1.27 g/l (25 ºC), a boiling point of 136 ºC at 3.3 kPa and a melting point of 84-85 ºC. Acrylamide contains anunsaturated amide system that reacts with nucleophilic compounds via a Michael addition. The major site of reaction is sulfydrl groups contained on proteins and amino acids (JIFSAN, 2002) .
Figure (1): Chemical structure of acrylamide
Acrylamide is the main monomer of polyacrylamides that are used for the flocculation of suspended material in wastewater treatment plants. The principal source of acrylamide in the environment is the release of residual monomers from polyacrylamide flocculants. Polyacrylamide is used in many products and activities: grout, cement, drinking water and wastewater treatment, pesticides, food manufacturing (WHO, 2011) , crude oil production, coatings for home appliances, building materials, automotive parts, explosives, adhesives, printing inks, adhesive tapes, and latex (Togola et al., 2015) .
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by IARC, and has also been shown to be a neurotoxic agent in animals and humans (IARC, 1994; Friedman and Mottram 2005 Concentration levels are usually very low, and the physicochemical properties of Acylamide make this molecule difficult to quantify in natural samples. (Togola et al., 2015) .
Searching for sub-ppb levels on a regular basis requires methods that are both highly sensitive and rapid. Acrylamide has been determined in environmental water samples, by direct injection (Cavalli et al., 2004; US EPA, 1994; Weideborg et al., 2001) or after a preparative step (Alpmann and Morlock, 2008; Kawata et al., 2001) for concentration, by GC-MS or GC-ECD, and more recently, by liquid chromatography coupled with UV (Xu et al., 2013) .
It is known that potassium permanganate as strongest oxidizing agent, undergoing a three possible oxidation mechanism at different mediums as follows:
In acidic medium: The current study aimed to monitor acrylamide in drinking water treatment plants in Cairo and their corresponding raw Nile water from plant intake. Also, removal of acrylamide from aqueous solutions was carried out by using potassium permanganate oxidation.
MATERIAL AND METHODS

2-1 Monitoring of acrylamide in drinking water plants in Cairo
A survey of acrylamide concentrations was performed in raw water and treated water (drinking) of 12 water treatment plants in Cairo.
a) Materials:
Acrylamide, 99.9% purity and sodium hydroxide were purchased from sigma Aldrich. Methanol, HPLC grade and HCl, 37% from Fisher. Potassium permanganate 99.9% from Panreac. Granulated activated carbon was obtained from Chemviron-grade (207EA 12.5*40 US).
Deionized water (Type I deionized water produced from Thermosceintific deionized water system).
b) Instrument:
LC MS/MS instrument from Waters, pH meter (Orion 2 star, thermosceintific, USA), Gar test apparatus from Velp.
c) Methods:
Samples were collected from water treatment plants were monitored and quantified for acrylamide by (EPA 8316) using LC/MS/MS. This method is applicable for the determination of acrylamide in raw water, finished drinking water and drinking water during four seasons for different climatic conditions, using LC chromatographic equipped with MS detector with limit of quantification (LOQ) 0.05 ppb, measurement uncertainty (MU) 31 and recovery criteria from 85% to 115% Sample was collected from field in glass container and drinking water sample preserved by adding sodium thiosulfate to stop the reaction of chlorine. Raw water sample is filtered by membrane filter (0.22 µm), and 20µl aliquot is injected (direct injection) into a reverse phase UPLC column C8 (1.7µm*2.1*50mm). Separation of the analytes is achieved using isocratic eluent conditions with a reagent bottle contain a mixture of 98% of water and 2% of methanol HPLC grade then 0.1% formic acid was added. The flow rate was 0.30 ml/min. After elution from the UPLC column, acrylamide was detected by a MS/MS detector (Xevo TQ-S) using by organic free water (blank sample) which its result must be less than LOQ.
Removal of Acrylamide by potassium permanganate oxidation:
Removal of acrylamide was performed using oxidation by potassium permanganate oxidation.
Effect of KMnO 4 dose:
Each sample (1000 ml) was spiked by acrylamide compound at 
Effect of pH:
Each sample (1000ml) was spiked by acrylamide compound at concentration 50ppb followed by adding constant dosages of KMnO 4 at different pH conditions (3, 7 and 12) then samples were collected at a constant contact time 30 minute to measure the residual acrylamide concentrations by analysis on LC/MS/MS.
Effect of time:
After sample treated by KMnO 4 1.00 ml of treated at different pH conditions (3, 7 and 12) sample was taken at interval time (5 min., 10 min., 20 min., 40 min., 80 min. and 160 min.) to study the effect of contact time.
RESULTS AND DISSCUTIONS 1 Monitoring of Acrylamide in twelve water plants in Cairo:
By monitoring acrylamide pollutant in Nile water that inter the intake of water plants before the traditional treatment process and the final tap water after the traditional treatment process on winter, spring, summer and autumn during year 2014, It was found that there is a residual contamination from the acrylamide pollutant as the following table show: Also, the maximum results were observed during Winter this may be as a result of lower rate of biodegradation at lower temperature and this results agreed with (Weideborg et al., 2001) who stated that biodegradation is the main removal pathway for acrylamide in the environment. Acrylamide is biodegradable at aerobic conditions, acrylamide will be completely degraded within 5-10 days dependent on the temperature conditions. Low temperatures reduce the biodegradation rate. Also, it may be concentrated due to winter block (Sadda Shetwya).
Removal of Acrylamide by potassium permanganate oxidation:
The effect of pH on acrylamide removal:
The pH of the aqueous solutions plays an important role in the whole oxidation process using permanganate. The effect of pH upon acrylamide oxidation in solution with acrylamide concentration 50 µg/l by using 0.8 ppm potassium permanganate was studied by varying the initial pH from 3.0-12.0.
The results showed in Figure (4) indicated that the maximum acrylamide reduction of 83.74%, 38.57% and 100% was obtained at pH 3, 7 and 12 respectively.
The higher removal percent of acrylamide from aqueous solutions in acidic medium rather than neutral may be due to the higher oxidation power of permanganate which accept five electrons in acidic medium more than three electrons in neutral medium while the highest removal percent was achieved in basic medium could be explained on the basis of transformation into acrylic acid and ammonia due to hydrolysis which cause an absolute absence of acrylamide as shown in Figure ( 6) which lead to 100% percentage of acrylamide removal.
This results in agreement with the study of (Barvenik et al., 1996) 
The effect of contact time on acrylamide removal:
The effect of varying contact time upon the acrylamide reduction in solution with acrylamide concentration 50 µg/l is shown in Figure (7) . The results indicate a percentage of acrylamide reduction of 32.96 at a contact time 5 minutes and increased to 54.64% at a contact time 160 minutes using 1 ppm permanganate dose at pH (7).
Acrylamide removal percentage increased in acidic medium pH (3) from 87.33% at a contact time 5 minutes and increased as the contact time increased to 100.00% at a contact time 120 minutes using 1 ppm permanganate dose. While in basic medium pH (12) absence of acrylamide due to transformation into acrylic acid as mentioned before.
Figure (7):
The effect of contact time upon % acrylamide removal.
CONCLUSION
In the current work, monitoring of acrylamide in drinking water treatment plants in Cairo and their corresponding raw Nile water from plant intake was carried out. Also, the removal of acrylamide pollutant from aqueous solution using oxidation process with potassium permanganate was investigated. Optimization studies were carried out through several jar tests to determine the optimum pH, dose and contact time for acrylamide removal using permanganate oxidation. 
